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Abstract Herein, we report a safe, low cost and reproducible approach for the synthesis of antimony
(Sb) nanostructures with most of them having prism like morphology and having well defined faces in
the range of ∼70–210 nm. The organics free approach is based on a reaction of antimony powder and
pure water at ∼210 °C without using any harmful additives and amines. The XRD pattern confirmed the
composition and crystallinity of the grown nanostructures. The reported method besides being organics
free is economical, fast and free of pollution, which will make it suitable for large scale production.
Furthermore, it is well expected that such a technique could be extended to preparemany other important
metal and metal oxide nanostructures. The prospects of the process are bright and promising.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY license.1. Introduction
Antimony (Sb) is a semimetal and is widely used as a fire re-
tardant in plastic industry, as enclosures of electric devices and
as a catalytic agent in organic synthesis. It is also reported to
have enhanced thermo electric effect in nano dimensions com-
paringwith their bulk counterparts [1]. But the requirements of
simple and reliable protocols for the preparation of nanomateri-
als in general and antimony in particular with controlled mor-
phology continue to be a major challenge in nanosciences [2].
Among various morphologies fractal structures are being re-
ported and are particularly attractive because they are gener-
ally observed in the far from equilibrium growth phenomenon.
Fractal growth phenomena are also closely related tomany pro-
cess of practical importance [3].
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the electro deposition, solvothermal and soft assembly tech-
niques [4,5]. Number of synthetic additives or capping agents
such as polyvinylpyrrolidone (PVP), polyvinyl alcohol (PVA) or
sodium polyacrylate has been reported to be used during syn-
thesis of Sb nanomaterials in above techniques. Nanoparticles
of Sb and Sb2O3 were prepared using structure directing surfac-
tant cetyltrimethylammonium bromide (CTAB) in a controlled
condition [6]. In addition, the pathways suggested by others in-
volve environmentally malignant chemicals which are not only
toxic and also environmentally hazardous. Therefore, it is im-
perative to explore new routes which are free from toxic organ-
ics and amines. Moreover, it is also now well established fact
that the interaction between inorganic nanoparticles and bio-
logical structures are one of the most promising areas in nan-
otechnology and as such there is an urgent need to develop
green approaches for nanomaterials that should not use toxic
chemicals in the synthesis protocol.
In this short communication, we present a safe and
economical approach for the preparation of Sb nanostructures
using pure water as solvent. Since water has been used
as solvent, we believe that the nanostructures are safe and
environmentally benign. To the best of our knowledge and
belief, the synthesis of Sb nanostructures without organics or
toxic solvents has not been reported in the literature so far.
The formation of nanostructures by the reaction of metals with
water is suggested to occur due of decomposition of water
by the metal giving hydrogen. The advantage of preparing
nanoparticles with this method includes ease, flexibility and
cost effectiveness.
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2.1. Materials and methods
Antimony powder, AR grade (Ranbaxy, > 3 µm) was used
as a source of metal/precursor and purified by ultra sonication
in water. In a typical preparation process, 3 mg of antimony
powder was added to 30 ml of pure water in a glass vial. The
reaction mixture was sonicated for about 20 min in a glass
vial, transferred into a stainless steel Teflon linedmetallic bomb
and sealed under normal conditions. The closed autoclave was
then placed inside furnace and the mixture was heated slowly
(2 °C/min) to 210 °C and maintained at this temperature for
12 h. After cooling, the resulting suspension was centrifuged to
retrieve the product, washed and then finally vacuum dried for
few hours.
2.2. Characterization of samples
The morphology of the products was carried out using
high resolution Scanning Electron Microscope (FE-SEM, NNL
200), coupled with energy dispersive X-ray spectrometer
(EDX, GENESIS). Structural information of the final product
was given by powder X-ray diffraction (XRD) using a PAN
analytical (X’PERT-PRO 3710,) diffractometer using Cu Kα(λ =
0.15141 nm) radiation operated at 40 kV and 30mAover awide
range of Bragg angles (20° ≤ 2θ ≤ 80°).
3. Results and discussion
The structure of the as preparedproductswas determinedby
XRD pattern as shown in Figure 1. All the reflection peaks could
be indexed to the rhombohedral centeredhexagonal phasewith
space group R3m and with cell parameters as a = 4.3077 and
c = 11.2730 Å, which is in very good agreement with the
literature (JCPDS card No. 72–1173). The XRD spectra reveal
the high phase purity and high intensity of peaks indicate the
high crystallinity of the products. There are also minor peaks
detected for other phases such as Sb2O3.
The morphology and the size of the products was observed
by FESEM as shown in Figure 2(a, b). In Figure 2(a) we
observed the morphology of the as prepared product is prismFigure 2: Shows the typical (a) low and (b) high-resolution SEM images of Sb
nanostructures.
like and are grown in very high density. Figure 2(b) show
high magnification FESEM images of the nanostructures and
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morphology having faces in the range of 70–210 nm, with an
average face of ∼150 nm. Since water prepared nanomaterials
are prone to agglomeration and as such the agglomeration of
nanoprisms is being observed.
For a solution phase reaction, the solvent plays a significant
role and the morphology of the product could be appreciably
altered with the change in solvent. The Sb reacts with
oxygen and forms nuclei, which further serve as seed for
Sb nanostructures. Moreover, water at higher temperatures
plays an essential role in the precursor material transformation
because the vapour pressure is much higher and the state of
water at elevated temperatures is different from that at room
temperature. The solubility and the reactivity of the reactants
also change at high pressures and high temperatures and high
pressure is favorable for crystallizations [7].
In the literature, ethylene glycol (EG) has been used to re-
duce bismuth (Bi-III) to Bi under microwave heating. However,
it has been reported that antimony (Sb-III) to Sb cannot be
reduced under similar conditions. It has also been confirmed
that Sb-III cannot be reduced by hydrate hydrazine under mi-
crowave heating. Thus, an alternative and a strong reductant
Zinc (Zn) powder was used for the preparation of Sb nanopar-
ticles. In our studies, we have ruled out that no such reductant
or additive is needed for the preparation of Sb nanostructures.
4. Conclusion
A non toxic and safe route has been developed for the syn-
thesis of Sb nanostructures from Sb powder and water at rel-
atively low temperature. We developed this synthetic method
which might open up new possibilities for industrial applica-
tions. The mechanism for the formation of nanostructures was
briefly described in accordance with decomposition of metalwith water. Furthermore, it is well expected that such a tech-
nique could be extended to other metal oxide nanostructures.
Acknowledgment
The authorwould like to acknowledge Dr. Bei Zihong, KAUST
for XRD of samples.
References
[1] Hui, S.C., Kuan, Y.C. and Khairunsak, A.R. ‘‘Review on oxides of antimony
nanoparticles, synthesis, properties and applications’’, J. Mater. Sci., 45(22),
pp. 5993–6008 (2010).
[2] Shah, M.A. and Towkeer, A., Principles of Nanoscience and Nanotechnology,
Naroosa Publishing House, New Dehli (2010).
[3] Viesek, T., Fractal Growth Phenomenon, second ed., World Scientific,
Singapore (1992).
[4] Hanna, B., Jones, E., Leif, N., Merja, H., Oscar, A. and Kristina, E.
‘‘Electrodeposited Sb and Sb/Sb2O3 nanoparticle coatings as anode
materials for li-ion battery’’, Chem. Mater., 19, pp. 1170–1180 (2007).
[5] Zhang, Y., Li, L., Li, G.H. and Zhang, L.D. ‘‘Electrical transport properties of sin-
gle crystal antimonynanowires arrays’’, Phys. Rev. B, 73, pp. 113403–113406
(2006).
[6] Zeng, D.W., Chen, X., Jiang, R., Xie, C.S., Zhu, B.L. and Song, W. ‘‘Thermal
stability of Sb/Sb2O3 composite nanoparticles’’,Mater. Chem. Phys., 96(2–3),
pp. 454–458 (2006).
[7] Bo, Z., Jian, M.H. and Jun, J.Z. ‘‘Microwave assisted rapid synthesis of
antimony dendrites’’,Mater. Lett., 59, pp. 3081–3084 (2005).
Mohd Ashraf Shah is Professor in Physics. He established the World Bank
funded Sophisticated Instrumentation Centre, under the TEQIP programme,
which laid the foundations of an emerging science, the science of nanomaterials,
at a premier institution of the country. He is author of the ‘‘Principles of
Nanoscience and Nanotechnology’’, published by the M/S Narosa Publishing
House, New Delhi. He is explorer of a versatile technique ‘‘A Safe way to
Nanotechnology’’ for the synthesis of oxide nanomaterials, which is still in
progress. Recently, he joined the Faculty of Sciences at the King Abdul Aziz
University, Jeddah, Saudi Arabia. Dr. Shah is a member of many Science
Academies and Societies, and his work has been cited by a number of scientific
reporters, as well as by the media.
